Background: Community-acquired pneumonia (CAP) is an important cause of hospital admission and death, but the extent of the problem of CAP at the primary healthcare level is largely unknown.
Introduction
Community-acquired pneumonia (CAP) refers to pneumonia acquired outside of hospitals or extended care facilities. 1 It is a leading cause of illness, hospital admission, and death worldwide, mainly among young children and elderly persons. [2] [3] [4] Most studies on CAP have focused on hospitalised patients. However, the majority of patients diagnosed with CAP in the Netherlands are seen in a primary care setting. 5 A study from the UK in 2006 found that hospital admission was needed for 20-40% of CAP patients and that the overall mortality from CAP was 5-10%. 6 Focusing on hospitalised CAP may therefore conceal the real size of the public health burden caused by CAP.
In the Netherlands, general practitioners (GPs) have a gate-
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org keeping role for specialised care. However, population-based data are limited and the extent of the problem of CAP at the primary healthcare level is largely unknown. Investigating the contribution of GPs to the management of patients with CAP might elucidate these knowledge gaps. In a previous ecological study we used three different datasets that did not necessarily consist of the same patients, 5 hampering direct comparisons between the involvement of the different levels of care where CAP diagnoses are registered. In the current study we therefore build a dataset consisting of CAP registrations in a GP network linked to hospital discharge data and national cause of death statistics at the level of the individual.
The aim of the study was to determine the proportion of CAP episodes at the GP level, the hospital level, and at national death registration level and to obtain insight into the pathways between these three levels.
Methods

Study population
We conducted a retrospective study based on patients registered in the Netherlands Information Network of General Practice (LINH) over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . 7 The LINH network comprises an average of 85 GP practices (according to the latest update in 2010 7 ). The patient population accounts for about 2.6% of the Dutch population, representative with regard to age and gender. 7 Patients with an unknown or invalid unique identifier number (i.e. unique code based on date of birth, postal code or gender) and patients from GP practices with poor registration (i.e. less than 24 weeks of registration per year) are excluded. 7 
Data sources
General practice database
The GP database of the LINH network contains records for each separate consultation, providing information which includes age, gender, suspected diagnoses, and date of consultation. These diagnoses are coded using the International Classification of Primary Care (ICPC). 8 In addition, referrals and prescribed medications are recorded. The present study was restricted to GP consultations for the clinical diagnosis of pneumonia (defined as ICPC code R81).
Hospital database
The Hospital Discharge Register (LMR, National Medical Registry) 9 contains information on admissions and discharge diagnoses of teaching and general hospitals in the Netherlands. Data include the demographic characteristics of the patient, diagnostic and therapeutic interventions, and principal and secondary diagnoses at hospital discharge coded by the International Classification of Diseases, 9th revision -Clinical Modification (ICD-9-CM) codes. 10 For the present study, data were restricted to pneumonia as the principal or secondary discharge diagnoses defined by the ICD-9 codes 10 listed in online Appendix 1, available online at www.thepcrj.org (including the cumulative frequencies over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] ).
Mortality database
Details from death certificates issued for all deaths in the Netherlands are recorded in the cause of death registry maintained by Statistics Netherlands (CBS). 11 For the present study, data were restricted to pneumonia as the primary or secondary cause of death defined by the ICD-10 codes 12 listed in online Appendix 2, available online at www.thepcrj.org (including the cumulative frequencies over the period 2002-2009).
Individual data linkage
All records of the three databases were individually linked to the Dutch population register (GBA) with respect to three variables (i.e. date of birth, postal code, and gender). If linkage was applied successfully, an (anonymous) unique identifier could be assigned to every registered patient with CAP. These unique identifiers enabled us to link the three different databases mutually, restricted to the GP (LINH) study population ( Figure 1 ). The linkage of the three databases was performed for each calendar year separately as the study population varied per year.
Data analysis
We defined a new CAP episode as (1) a diagnosis of CAP made by an attending GP which was not preceded by a GP diagnosis of CAP in the 30 days before; or (2) a discharge diagnosis of CAP registered in the hospital database. A patient can have more than one GP consultation or hospital admission for the same CAP episode, so we 
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org did not consider patients but CAP episodes. A diagnosis of CAP may be first registered in relation to a GP consultation, a hospital admission, or death. Hospital admissions occurring within 30 days after a registered GP consultation (or vice versa) were regarded as referrals. The annual incidence of CAP episodes was calculated as the total number of first CAP episodes (i.e. the first episode for an individual in a particular year) registered in one of the three databases (per year) divided by the total study population (per year) x 10,000. Figure 2 shows a flow chart of all stages of CAP episodes that were addressed in the present study. Descriptive statistics were used to analyse the mean number of CAP episodes from 2002 to 2009 (per year) at three different levels (i.e. databases): (1) GP consultation; (2) hospital admission; and (3) death (represented as circles in Figure 2 ). The number of CAP episodes registered in at least two databases provided us with information about the pathways of CAP episodes between the different levels ( Figure 2 , arrows (a-d) where (a) represents hospital admission after GP consultation, (b) indicates GP consultation after hospital admission, (c) indicates mortality after GP consultation, and (d) shows mortality after hospital admission). We assumed that CAP episodes only registered in the hospital database or only in the mortality database represent CAP episodes with direct admission to hospital and direct mortality ( Figure 2 , arrows (e) and (f), respectively). CAP episodes that were only present in the GP database assume "recovery" (Figure 2 , arrow (g)). Assumed "recovery" after hospital admission was defined as presence in the hospital database without referral to a GP and without death thereafter ( Figure 2 , arrow (h)).
All statistical analyses were performed using SPSS 14.0 on the fingerprint-secured Remote Access facility of Statistics Netherlands. Dutch legislation allows linkage at the individual level by Statistics Netherlands. However, it is obligatory that such output is checked by Statistics Netherlands and it must not be traceable to individuals. Therefore, numbers below 10 are reported as "<10". For age distributions we present the spread around the mean (SD) instead of the median with range as the maximum age could represent one individual, which could threaten patient confidentiality.
Results
The average annual size of the study population (i.e. patients enlisted at GP (LINH) practices) over the study period ( Table 1 ).
On average, 3,700 new CAP episodes per year were registered (in at least one of the registration systems). The large majority (2,933) of annual episodes were registered at the GP (Table 2) . Patients registered at the GP were younger than those (also) registered at the hospital and those who (also) died (mean age 47, 57, 78 years, respectively; Table 2 ).
Primary care
Of the mean 2,933 annual CAP episodes that were registered during a GP consultation, 50 had been admitted to hospital in the previous 30 days ( Figure 3A ). Of the remaining 2,883 episodes, 67 were hospitalised after GP consultation and 26 died. The large majority (2,791/2,883; 97%) therefore recovered with GP management only.
Hospital admissions
Of the mean 602 annual CAP episodes registered at a hospital, 534 (89%) were directly admitted without GP consultation ( Figure 3B ). Recovery within 30 days after hospitalisation occurred in the majority of CAP episodes (509/602; 84%), while a GP consultation was reported within 30 days following discharge for 8% (50/602; Figure  3B ). Of the CAP episodes registered during hospital admission, 7% Figure 3B ). Of these 43 fatal CAP episodes registered in the mortality database after hospital admission, the mean age per year ranged from 74 to 80 years (SD 16.7-13.2).
Mortality
Seventy-seven percent (233/301) of the patients who died with pneumonia were not previously registered in the GP database or the hospital database ( Figure 3C ). A GP consultation was registered in the preceding 30 days for 9% (26/301) pneumonia deaths and for 14% (43/301) a preceding hospitalisation was registered ( Figure 3C ; figures and percentages do not add up due to rounding of the annual means).
Discussion
Main findings
This study is unique in investigating CAP episodes in the Netherlands using GP practice, hospital and mortality statistics by individual data linkage. Our results show that the majority (79%) of new CAP episodes were registered at the GP level and that 97% of these episodes were exclusively managed by the GP (i.e. the outcome was recovery without hospital admission or death). This shows that GPs have an important role in the control of CAP and efficient management of the large majority of CAP patients in the Netherlands. Most of the hospitalised CAP patients were admissions without a GP referral. This could be due to patients with very severe acute pneumonia who had to be admitted directly through emergency room facilities, or patients already known in hospital who therefore inclined to self-referral, or patients successfully choosing to bypass the GP gate-keeper. Hospitalised patients with a CAP episode were older, and it is therefore likely that they suffer more from other (severe) underlying (respiratory) diseases. The majority of CAP episodes (77%) registered in the cause of death registry were not previously registered in the GP or hospital database. These patients could also suffer from co-morbidities and account for 6% (233/3,700) of the total number of mean CAP episodes per year.
Strengths and limitations of this study
The strength of the study is that we could analyse CAP episodes by means of record linkage between three databases at the individual level. Our findings confirm that CAP is a highly prevalent public health problem. Our study also has some limitations. A GP diagnosis of CAP is based on clinical symptoms and is mostly not confirmed by the presence of infiltrative abnormalities on the chest x-ray or laboratory diagnosis. 1 This implies that we were not able to distinguish between suspected or definite CAP. However, as GPs in the Netherlands have a gate-keeping role, the Dutch guideline recommends treatment of CAP based on a clinical diagnosis.
1 Chest x-rays in the Netherlands are advised in cases of unclear diagnosis, insufficient recovery of the patient, or in those where there is a suspicion of, for example, tuberculosis or malignancy. 1 However, it should be noted that a recent study showed that the majority of radiographic pneumonia diagnoses were not suspected on clinical grounds by a GP.
14 Although the clinical and public health significance of such missed diagnoses are not clear, this might have led to an underestimation of the proportion of CAP episodes managed by the GP. The GP's diagnosis of pneumonia in the current study was based on registered codes (ICPC) and misclassification of some patients presenting with respiratory symptoms may have occurred. Furthermore, we did not consider information about co-morbidity, making it impossible to distinguish patients with chronic respiratory diseases such as chronic obstructive pulmonary disease.
For the definitions of CAP in the hospital discharge database and the mortality database, we used principal or secondary diagnoses of pneumonia defined by the ICD-9 and ICD-10 codes. It has previously been reported that ICD codes showed modest sensitivity (72%) for detecting CAP, 15, 16 so it is likely that part of the CAP cases were also undetected in both the hospital and mortality database.
In more than 80% of hospital admissions for CAP the aetiological agent remained unknown and the discharge diagnosis was simply "pneumonia, organism unspecified" (Appendix 1). This also applies to cause of death statistics (Appendix 2). In this study, nosocomial infections could not be distinguished from community acquired infections. However, since the discharge diagnoses registered in the hospital discharge data are likely to represent the reason for hospital admission, it is unlikely that many of these diagnoses have been misclassified. However, if one or more of the hospital CAP cases were in fact nosocomial pneumonia, this implies we may have underestimated the role of the GP in the management of CAP and may have overestimated mortality from hospital CAP.
It is known that part of the study population (average of 25% in 2002-2009) could not be uniquely linked with either the hospital data or mortality data. This is considerable but common if a unique identifier number is based on date of birth and postal code and gender. However, first-generation immigrants (unknown date of birth) and students (unknown postal code) may be under-represented in our study population, but it is unlikely that these populations account for differential misclassification. Furthermore, there is a lack of information about differences in referral practices between GPs affiliated with the Netherlands Information Network of General Practice (LINH) and other GPs. CAP episodes may be underestimated in the hospital discharge register due to non-response (i.e. about 10% as a percentage of all discharges). 9 Finally, in the Netherlands, CAP in institutionalised elderly people is generally treated by a nursing home physician rather than by a GP. 17 We had no data available for this specific group of institutionalised patients and were not able to determine the pathways of CAP patients between nursing homes and primary healthcare, hospitalisations, and mortality. This group of patients could have been misclassified as direct admissions or direct mortality due to a CAP episode.
Interpretation of findings in relation to previously published work
During the last decade many studies have focused on a rising incidence of hospitalised pneumonia combined with persistently high mortality rates. 3, 6, 18, 19 In an earlier population-based study we showed that focusing only on hospitalisations might underestimate the total public health burden of CAP. 5 A limitation of this previous ecological study was the use of three different datasets whereby episodes of individuals could not be linked. In the current study we were able to demonstrate after individual linkage that most CAP episodes were not only registered but were also successfully managed by a GP. To the best of our knowledge, no other studies addressing the contribution of the GP in the management of CAP using an individually linked dataset have yet been published.
Implications for future research, policy and practice
To gain a better understanding of the public health burden of CAP, future studies should include CAP registered by a GP. Especially in countries like the Netherlands where GPs have a gate-keeping role, focusing on hospitalisation and mortality only conceals the large and successful contribution of GPs in the management of CAP. Record linkage at the individual level is a valuable method of elucidating the pathways of disease episodes between GP practices, hospitals, and the national death registration. It would be relevant to investigate other diseases with an unknown but presumably large public health burden in a similar fashion.
With the emergence of the pandemic influenza A(H1N1)pdm09, the World Health Organization and European Centre for Disease Prevention and Control have highlighted the importance of establishing surveillance systems to monitor the epidemiology of severe influenza and severe acute respiratory disease in parallel with the surveillance in primary care. In the current study we have shown that CAP episodes in a primary care setting and in hospitals would largely capture different groups.
Conclusions
We conclude that, in the Netherlands, the contribution of GPs to the management of CAP patients has been underestimated. As the gatekeepers of specialised care in the Netherlands, GPs are highly successful in the management of most CAP patients and have a key role in reducing the public health burden of CAP. The causative organism is often unknown, even in hospitalised or deceased CAP patients. This raises the question of the extent to which there is a need and prospect for improved diagnosis to reduce the diagnostic deficit of CAP, with the overall aim of reducing CAP-related morbidity and mortality. 
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